Abstract. In this work we describe the latest results for the measurements of the hyperfine structure of antiprotonic 3 He. Two out of four measurable super-superhyperfine SSHF transition lines of the (n, L) = (36, 34) state of antiprotonic 3 He were observed. The measured frequencies of the individual transitions are 11.12548(08) GHz and 11.15793(13) GHz, with an increased precision of about 43% and 25% respectively compared to our first measurements with antiprotonic 3 He [S. Friedreich et al., Phys. Lett. B 700 (2011) 1-6]. They are less than 0.5 MHz higher with respect to the most recent theoretical values, still within their estimated errors. Although the experimental uncertainty for the difference of 0.03245(15) GHz between these frequencies is large as compared to that of theory, its measured value also agrees with theoretical calculations. The rates for collisions between antiprotonic helium and helium atoms have been assessed through comparison with simulations, resulting in an elastic collision rate of γ e = 3.41 ± 0.62 MHz and an inelastic collision rate of γ i = 0.51 ± 0.07 MHz.
gives rise to a splitting of the p 3 He + energy levels. The coupling of the electron spin S e . The non-zero spin of the 3 He nucleus causes a further, so-called substates into eight substates which we call super-super-hyperfine (SSHF) splitting. This 28 octuplet structure can be described by the angular momentum J = G+ Sp = L+ S e + S h +
29
Sp. Even though the magnetic moment of the antiproton is larger than that of the 3 He 30 nucleus, the former has a smaller overlap with the electron cloud. Therefore it creates 31 a smaller splitting. The complete hyperfine structure for p 3 He + is illustrated in Fig. 1 .
33
The interest in p 3 He + arises from an additional contribution to the hyperfine helium is essential for the calculation of the laser transition energies at the level of ppb 38 accuracy needed for comparison to laser spectroscopy experiments and the extraction 39 of the antiproton-to-electron mass ratio [7] . An experimental verification of the HFS 40 splitting in p 3 He + is therefore of great importance.
41
The calculations of the hyperfine structure were developed by two different 42 groups [8] [9] [10] [11] [12] . This series of experiments, studying the (n, 
3. Laser-microwave-laser spectroscopy
50
The first observation of a hyperfine structure in antiprotonic helium was achieved in Since the intensity of the antiproton pulse fluctuates from shot to shot, the peaks 87 must be normalised by the total intensity of the pulse (total). This ratio is referred to
88
as peak-to-total. The peak-to-total (ptt) corresponds to the ratio of the peak area (I(t 1 )
89
or I(t 2 )) to the total area under the full spectrum. If the second laser annihilation 90 peak is further normalised to the first one, the total cancels out. be too low to be observed.
106
The two pulsed lasers were fixed to a wavelength of 723.877 nm, with a pulse is easily stimulated and the primary population is large, thus leading to a large signal.
124
The captured fraction of antiprotons in the measured metastable state (n, L) = (36, 34) 
Results

157
In preparation for the actual investigation of the hyperfine substructure, via microwave 158 resonance, several studies are required to optimize the parameters such as laser power, 159 laser resonance frequency, laser delay time and microwave power. Figure 5: The change of the microwave power over the measured frequency range for the a)
11.125 GHz and the b) 11.157 GHz transition.
case of identical conditions and frequency points, the data taken at the same frequency
199
were first averaged using the method of weighted average, then the resulting scan was To fit the two transitions, a function of the natural line shape for a two-level system 210 which is affected by an oscillating magnetic field for a time T was used. It is given by [26] 211
Here X(ω) is the probability that an atom is transferred from one HF state to the other, HF for the fitting of the raw data together with the reduced χ 2 /ndf and ν HF after inflating the errors of the individual data points by χ 2 /ndf . The fit transition frequencies are displayed for the two different fitting methods, ASF and ISF. At the higher resonance the frequency points differed slightly between 2010 and 2011. These data can only be combined in the averaging over all single scans. The microwave power for the 11.157 GHz resonance was further lower by about 2.5 W compared to 2011. Therefore, the values obtained by the ISF method were used as final results. by χ 2 /ndf to obtain the correct errors of the fit results.
Transition Method
235
Regarding the errors, there are several systematic effects which had to be 236 considered. The largest influence was due to shot-to-shot fluctuations of the antiproton 237 beam. These effects were reduced by normalizing to the total intensity of the pulse and 238 further normalizing the second annihilation peak to the first one. Therefore, mainly Table 2 ), given as linear frequencies, 280 they have to be divided by 2π:
281 γ e = γ e 2π = 0.54 ± 0.10 MHz
Only the elastic collision rate affects the width of the resonance line while inelastic 
324
The two transitions at 16 GHz could not be measured anymore due to lack 325 of beamtime -even though the microwave target was readily tested and calibrated. However, we came to the conclusion that the observation of these two resonance lines 327 would deliver no additional information on the investigated three-body system and 328 primarily serve to accomplish a complete measurement of the p 3 He + hyperfine structure. 
